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A bubble is a small particle that contains gas. In the biomedical field , bubbles are divided 
into two types of cavitation: stable and inertial cavitation (referred to as cavitation bubbles in 
the field of engineering). The former is the formation of pockets of gas in a liquid arising as a 
resu1t of the creation of a new cavity, whereas the latter arises through the expansion of 
pre-existing gaseous nuclei. A stable gas bubble in a liquid will slowly dissolve because of the 
excess internal gas pressure required to balance the surface tension pressure. 
When waves with larger than the threshold needed to induce cavitation bubbles propagate 
in the human body, impulsive pressures such as shock waves and liquid jets are generated 
as a resu1t of the bubbles' collapse, leading to tissue damage. Cavitation bubbles remain 
as gas bubbles for a certain time, and these gas bubbles interact with the subsequent waves, 
resu1ting in bubble oscillation, liquid jets, and shock waves. Therefore, the tissues surrounding 
bubbles are exposed to these superimposed impulsive pressures. On the other hand, the waves 
that interact with the bubbles are scattered and dissipated. Extracorpor鐶l shock wave 
lithotripsy is a representative example that was developed based on controlling the impulsive 
pressures of waves and bubbles. On the other hand, contrast enhanced u1trasound imaging was 
based on the wave scattering. 
In my doctoral dissertation, 1 describe the application of bubbles and waves to medicine in 
five chapters, and systematically elucidate biological responses to bubbles and waves. 
Chapter 1 describes a rapid revascularization therapy using liquid jets generated by the 
interaction of gas bubbles and shock waves, which produce an impact on the thrombi. First, the 
interaction of a shock wave with a gas bubble attached to an artificial thrombus that is inserted 
into a tube model of a cerebral artery is investigated using a high-speed framing camera. 
Second, the fibrinolysis induced by the impact of the liquid jet on the urokinase is explored. It 
is shown that a rapid recanalization therapy for a cerebral embolism, using the impact of a 
liquid jet generated by the interaction of gas bubbles with shock waves, can potentially 
penetrate the thrombi in as little as a few μs with very efficient ablation. 
Chapter 2 describes the mechanism of the tissue damage because of the cavitation bubbles 
generated behind shock waves during 
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new percutaneous transluminal shock wave source, which is an ideal shock wave source, to 
investigate the interaction of the tissue with a single shock wave. Next, 1 describe an 
investigation, using high -speed photography, of the behavior of cavitation bubbles attached to 
either a mimic or a tissue surface with a shock wave, and present a mechanism for 
bubble-mediated tissue damage. 
Chapter 3 describes a molecular delivery method for cancer cells using shock waves. The 
pressure profile of a shock wave indicates its energy content, and the shock wave propagation is 
closely associated with tissue displacement, leading to cellular permeabilization and 
subsequent tissue damage. First, 1 investigate the relation between the shock wave profile and 
uptake of fluorophore into cells. 1 conclude that the impulse of the shock wave (i.e., the 
pressure integrated over time), rather than the peak pressure, is the dominant factor for the 
fluorophore uptake into living cells. Next, 1 show that shock waves can deliver molecules 
having a molecular weight of up to 2,000,000 into the cytoplasm of a cell without toxicity, and 
thus may have applications in gene therapy. Finally, 1 state that shock waves may have 
applications in promoting the cytoplasmic delivery of toxins into cancer cells after intratumoral 
lnJectﾌon. 
Chapter 4 describes a molecular delivery method that uses microbubbles in the presence of 
ultrasound. First, 1 show that the cavitation bubbles created by the collapse of microbubbles 
are a key factor for transfection, and that their intensities are enhanced by the interaction of 
the superposed ultrasound with the decreasing height of the medium. Second, 1 evaluate the 
potential use of ultrasound and microbubbles for the delivery of oligodeoxynucleotides to 
human saphenous veins, with the long term objective of developing a way of preventing intimal 
hyperplasia in vein grafts. 
Chapter 5 describes a molecular delivery method that uses nanobubbles in the presence of 
ultrasound. First, 1 develop acoustic liposomes (ALs) (nanobubbles) that encapsulate a 
phosphate buffer solution and perfluoropropane (C3Fs) gas, and function as both ultrasound 
contrast agents and drug carriers. 1 elucidate the AL structure using transmission electron 
microscopy. Next, 1 investigate three types of nano/microbubbles-human albumin shell 



































平成 22 年 12 月 1 日，審査委員出席のもとに，学力確認のための試聞を行った結果，本人は医学に関する
十分な学力と研究指導能力を有することを確認した。
なお，英学術論文に対する理解力から見て，外国語に対する学力も十分であることを認めた。
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